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(54) METHOD AND APPARATUS FOR ENCODING 

(57) An encoder includes a control bit insertion cir- 
cuit (12) for inserting a control bit into input data, which 
is then subjected to l-NRZ modulation by a precoder 
(14) to generate a reference code. The reference code 
is given to a 4-code generation circuit (22) through a 
delay circuit (16), and frequency components of the ref- 
erence code, and first, second and third codes gener- 
ated on the basis of the reference code are detected by 
a frequency detector (18). The frequency components 

FIG.4 



are given to a judge circuit (20) such that it is deter- 
mined whether the frequency components are large or 
small. A judge signal is applied to the 4-code generation 
circuit and a frequency detector from the judge circuit. 
The 4-code generation circuit selectively outputs one 
selected from the reference code and the first to third 
codes on the basis of the judgement signal. 
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Description 



FIELD OF THE INVENTION 



a codTno E J 6 f eS l °J f 041 " 19 method and aPP 3 ^- More specifically, the present invention realtes to 
fo^? °J ^ethod and apparatus used for a VTR. VCR. and etc.. adopting a digital pilot signal recording system so as 
to convert input data to which a control bit is added at a head into an output code ecoromg system so as 



PRIOR ART 



M « rt ^t eXample ° , K , conventional such a Wnd of coding apparatus is disclosed in. for example. Japanese Patent Appli- 
cation Layng-open No. 4-255969 [Gl 1 B20/14. H03M7/30] laid-open on September 10 1992 In tnTprior art SuTncv 

£ZT T° ^ °! COdeS ° btained by inserting a contro1 W of t)- or "i - at a heao^C daTd 

5 P cJesSe 9 suli S an?.l° s ^TV"? !? " ^ * 5e,eClively ""putted'through con^ son of 

processed results, and last two b,ts of a selected code to a precoder for the I-NR2 modulation of next input data 

^ -n. * hT ^J 0 ^ the last tw0 °its of the output code are fed-back, it is necessary to proc- 

ess preced.ng ,nput data within a t.me that the input data equal to one code is modulated, e.g. a time period of 25 docte 

ZLSSETZZ? ^t' 8 f MS S ° 35 10 *«** the appr ° priate COde ' * is ™™« *° ^ cc^TppafatusTnS 
o cTnSen L !^ te i SmCe com P° nent Action circurt performs Fourier tra^torm for a DC 

wtCf , 1 fr f UenC ' eS " and ° in 3 mod ulated a circuit becomes quite large and a process- 

Z!^!h aCt,0n ° f thS freqU6nCy cedents ^comes 'ong. K is quite difficult to shorten a time peS to 

2^ ^^T^^*: ° nS Wt " com P arison with a P a "od for the l-NRZ modulation of one bit da£ 
therefore, and accordngly. rt is difficult to put the coding apparatus into practical use. 

5 SUMMARY OF THE INVENTION 

Therefore, a principal object of the present invention is to provide a novel coding mathod 
tion oTa° precS cod* * 10 3 °° dinQ meth0d h Wh ' Ch " iS unnec **ary * feed-back a por- 

° ccdirtg'me'lSxi' 3 ' 601 * Pr6Sent * t0 Pr ° Vkle 3 C ° din9 ^P 3 ^" 8 wnich implements the above described 

fe) ntnS™ 1° J 6 presen !i nvention - a ^ing method comprises steps of: (a) inserting a control bit into input data- 
SrSZ^uJ r^ 0 ^ 5aSiS ° f inpUt data int ° the contro1 bit is ins ^ W generating a prS 

5 1^ ^" a h 1 SSOC -' ate COdeS °" thS 53515 0f the reference code; and (d) selectively outputtfng one of the refer- 
cSes 3 65 °" 1,16 b35iS ° f frequenCy components of the referenceTode and the assoSe 

ioto ^,7^° ! hS P resen i invention - a ^ing apparatus comprises: insertion means (12) for inserting a control bit 
ran X nt^inn enCS COdS 9enerati ° n m6anS (14) ,0r 9eneratin9 3 reference code on the basis of data outp^ted 
o ^fT ss ^ i a?^ n ^ nS: aSS0C ' ate COde 96nera,i0n meanS (22 ' 56a " ^ ^ for aeneratin 9 a Predetermined numbTr 
nutans M I ^11^ ? re,erenCe COd6 °" the baSiS * reference «* ^"lent signa. out- 
the Soda I r'^i hT? 9 3 ,Ud9mSm S ' gnal ° n the 03515 01 fre ° ua "cy components of the reference code and 

ciatJ coS I££ * ?? ^ m6anS (22 ' M) f ° r Se ' eCtively ° utputtin 9 one of the refere "ce code and the asso- 
ciate codes according to the judgment signal. 

5 refer'^r^f ^JT^ the preSent , invention - ^ce the associate codes are generated in advance on the basis of the 

> reference code, and one code ,s selectively outputted on the basis of the frequency components of these codes it is 
unnecessary to feed-back last two bits of a preceding output code, and thenrfore. a tirnlrestrictionTs rele^ anS 
accord.ngly, rt is possible to certainly convert the input data into the code estr.ct.on released, and 

N^NteVr^Tr^* jUd9ment Si9na ' 0UtPUt meanS inCludeS ,ifSt to N ' th extraction means fo «" extracting first to 
N to (N .s an integer) frequency components of each of the reference codes and the associate codes first to N-th cal- 

> cu.at.on means for calculating each of the first to N-th frequency components, and outputBng f irSto^T (M is aZ- 

^ZSo^t ZTT- T 10 2 " th ° P6rati0n ^ for ° peratin9 eac ^of *he first to 2^cdafon 
results outputted from the first to N-th calculating means. 

nnn '"! ^ 5a Wh f 6 freQuen cy components are processed at every one code (in a case where M = 1). frequency com- 

cSe?il«^T^ COde ^ 3 10 ^ C0d65 (the a5SOCiate COde5 > 9 enerated on the basis of me rirfnoe 
i,nnf ^ y ^"^^ circuits, two of these frequency components are applied to a first 

ITJT <»"V 0 ™* a dd|tion circuits included in. for example, a DC component extraction circurt^en toe 2 
addrt.on crcurt funct.ons as f .rst. second, third and fourth addition means, and the second addition circuit function^ ! as 
fifth. s.xth. seventh and e.ghth addition means in accordance with a change-over switch, for example. Therefore the fre- 
quency components are added each other, and outputs of the first addition circuit and the second addition clrcu" a'e 
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outputted from a DC component calculation circuit as the first calculation result and the second calculation result. These 
process is executed in the other calculation circuits, e.g. f1 sine component extraction circuit, f1 cosine component 
extraction circuit, f2 sine component extraction circuit and f2 cosine component extraction circuit. Then, the first calcu- 
lation result and the second calculation result outputted from the calculation circuits are operated by a first square wait- 

5 ing addition circuit and a second square waiting addition circuit, respectively, and the operation results are applied to 
the judgment circuit. The judgment circuit judges sizes of the operation results, and outputs a judgment signal accord- 
ing to the sizes. The reference code is converted into a predetermined output code by, for example, a 4-code generation 
circuit according to the judgment signal. 

The foregoing and other objects, features, aspects and advantages of the present invention will become more 

10 apparent from the following detailed description of the present invention when taken in conjunction with the accompa- 
nying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

75 Figure 1 is an illustrative view showing an operation of an l-NRZ modulation. 

Figure 2 is an illustrative view showing an operation of the l-NRZ modulation; 

Figure 3 is an illustrative view showing an operation of the l-NRZ modulation; 

Figure 4 is a block diagram showing one embodiment according to the present invention; 

Figure 5 is a block diagram showing a portion of Figure 4 embodiment; 
20 Figure 6 is a block diagram showing a portion of Figure 4 embodiment; 

Figure 7 is a block diagram showing a portion of Figure 4 embodiment; 

Figure 8 is a block diagram showing a portion of Figure 4 embodiment; 

Figure 9 is a block diagram showing a portion of Figure 4 embodiment; 

Figure 1 0 is a block diagram showing a portion of Figure 4 embodiment; 
25 Figure 1 1 is a block diagram showing a portion of Figure 4 embodiment; 

Figure 12 is an illustrative view showing a portion of an operation of Figure 4 embodiment; 

Figure 13 is a block diagram showing a portion of Figure 4 embodiment; 

Figure 1 4 is a block diagram showing a portion of Figure 4 embodiment; 

Figure 15(A) is an illustrative view showing an output of a precoder, Figure 15(B) is an illustrative view showing an 
30 output of a hold circuit, Figure 1 5(C) is an illustrative view showing an output of a judgment circuit, and Figure 1 5(D) 

is an illustrative view showing an output of a 4-code generation circuit; 

Figure 16 is an illustrative view showing a portion of the operation of Figure 4 embodiment; 

Figure 1 7 is an illustrative view showing a portion of the operation of Figure 4 embodiment; 

Figure 18 is an illustrative view showing a portion of Figure 4 embodiment; 
35 Figure 1 9 is a waveform chart showing a frequency spectrum of a record signal; 

Figure 20 is a block diagram showing another embodiment according to the present invention; 

Figure 21 is a block diagram showing a portion of Figure 20 embodiment; 

Figure 22 is a block diagram showing a portion of Figure 20 embodiment; 

Figure 23 is a block diagram showing a portion of Figure 20 embodiment; 
40 Figure 24 is a block diagram showing a portion of Figure 20 embodiment; 

Figure 25 is a block diagram showing a portion of Figure 20 embodiment; 

Figure 26 is a block diagram showing a portion of Figure 20 embodiment; and 

Figure 27(A) is an illustrative view showing an output of a precoder, Figure 27(B) is an illustrative view showing an 
output of a hold circuit, Figure 27(C) is an illustrative view showing an output of a judgment circuit, and Figure 27(D) 
45 is an illustrative view showing an output of a 4-code generation circuit. 

BEST MODE FOR EMBODYING THE INVENTION 

An embodiment described in the following utilizes facts that the number of the kinds of codes generated in claim by 
so inserting "0" or "1 " as a control bit into input data and subjecting to l-NRZ modulation is always limited to four (4) for the 
same input data, and that the four kinds of codes have a specific relationship to each other can be generated from one 
kind of code, and that there is a predetermined rule in the relationship of the four kinds of codes. 

The facts will be described with referring to Figure 1 and Figure 2. As shown in Figure 1 (A) and Figure 1 (B), in a 
code AO obtained by inserting "0" as the control bit into input data "a" of 24 bits and subjecting inserted data to the I- 
55 NRZ modulation and a code A1 obtained by inserting "1" as the control bit into the input data n a" and subjecting inserted 
data to the l-NRZ modulation, bits of odd numbers of the codes AO and A1 have an inverted relationship. This means 
that second bits in the last two bits of each code have the inverted relation. The last two bits become first two bits of a 
modulation signal used for the next l-NRZ modulation. Furthermore, as. understood from Figure 2(A) and Figure 2(C), 
in a code B0 obtained by inserting "0" into succeeding 24 bits of input data "b" and subjecting inserted data to the l-NRZ 
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^■n^K !T *S 8 PreCedin9 C0d6 iS 3 00(16 ° btain6d by insertn 9 "°" «■* ,ast two bits are "00") and a code B2 
^S^HS^S into J"cceeding input data V and subjecting inserted data to the l-NRZ modulation at a time 

inn i^.Trt^'- 35 TTT fr ° m R9Ure 2(B) and R9ure 2(D) ' in a C0de B1 oblained b y Verting "1 " into succeed- 
k. 13 • and sub ' ect, "9 ,nserted to the l-NRZ modulation at a time that a preceding code is Tcale 

^T^:^T 9 J, T 3 83 ° bteined by insertin9 " 1 " int0 succeedi "9 in P* data V aS SSng iieSS 

o fSJ «? ^ f ° n " 3 11,116 ^ 6 pr6C6din9 000,6 is a code by inserting "1". bits of even SnS 

of the codes B1 and B3 have the inverted relationship numoer 

' relatonTS^o 8 ^ 6 ?^ R9Ure 2(A) and FiQUre 2(D) ' a " bite of the B0 and » nave the inverted 
mS J? ?! M 0btam6d by Insert,n9 °" into succeeding input data v and subjecting inserted data to the I- 

^S2^r£ 3 3 Pr6C6din9 00(16 is a C0de obtained »e "0" 'nserton art the code B I cSled 

byinsertng 1 intosucceed.ng input data v and subjecting inserted data to the l-NRZ modulation at a time that apr* 
ceding code is a code obtained through the "1" insertion. P 
ti«n •'" , !l l fT in9 d6S 1 criplion - a ^ ***** b y inserting "0" as the control bit and subjecting to the l-NRZ modula- 
35 S r "5r?K°°? 30 ( ° r 3n S ° COd6) ' 3 C0d6 °" number bte have ^rted relation tow* 
ST 6r DrtS ° f 1,16 80 COde iS r6garded 35 an S1 a «*• that even number bits have the inverted 

^S^°b£2 ° f ^ " r69a,ded 83 an 32 600 a code *« a " ba " thl 
oTStn <£ j2 , ! 18 r69arded 63 an 83 COd6 Since this relation is the in the last two bits 

of the SO code to the S3 code, a result obtained by inserting "0" into 24 bits following the SO code and subjecting to the 
modulation and a result obtained by inserting "1 - into 24 bits following the S2 code and subjecting 
become the same and a result obtained by inserting "1" into 24 bits following the SO code and su^ing to fte moT- 
£ ~ V T* ° btained ^ inS6rtin9 "°" int ° 24 bte fo " 0win9 the 82 code and objecting to the mSat on became 

same and a Zf SEE? ? •"^J' 19 - nt ° 24 " f0l,CMfl ' n9 *• 83 ood ' Subjectin9 to 1,16 modulation are the 
SJJiSi!^ Tk obta ' ned „ b „y ,re ert.ng "1" ,nto 24 bits following the Si code and subjected to the modulation and a 
resutt obtained by .nserting TO" ,nto 24 bits following the S3 code and subjecting to the modulation are the same 
code^Sn bfr^S £ 1 Jw! ^ dat6 sequentia,| y ara Objected to the l-NRZ modulation in chain, eight (8) 

S^Tr^? 2 k ^ ird l me; hOW6Ver> rt is fina,,y no more than *■» ^ c^P"** <* **" Wnds of codes can be 
2„ ££l h , b6 °^ ta,n6d 3 fo "° win9 data chain are alwa y s ,imrted to *« Wnds of codes lo^ S 
c2 K ii 5 , h d6SC ^ t,0n - Fu *ermore. codes linked to the SO code or the S2 code are the SO code and the SI 

Arrnrrfnnl ^ ^ **" t0 ^ 81 ^ * *« 83 «* 3re the S2 COde and the S3 COdV 

th„ fw? V J. ! foUr k ' ndS 01 00(16 ° btained by sut> j ectin 9 an '"P" 1 data traj n. a code obtained by inserting^" as 
me control bitand subjecting to the l-NRZ modulation is regarded as a reference code AO (or an AO code) uStt M 
odd number bits have the mverted relationship to that of the AO code is regarded as an A1 code Tcode *at even 
ZTL T ^ th6 inv6 L t6d re,ationshi P to *- - ^ AO code is regardS as an A2 code. ^« oSSSKE 
aS 3S2 ? ?' n Sh, t P K t0 ^ ° f th6 A ° COdS iS r69arded as an A3 «*• «« » coefficients of -0" to%" are to be 
ar^Sownfn Figure 3 " 83016 m3nn6r " SUCCeedin9 lBpUt "°" 3nd " d "' Chain re,ationsni P of »e cSiS 

An embodiment described in the following is an embodiment in which a time restriction during in processino fre- 

^SZiSSTVi " r 6 Pri ° r ^ ^ ^ rem ° V6d b60aUSe rt te P 08 ^ 6 to the four ^sTcoS from 

fS?I25 r re,afonship between a P rec ^ing code and a succeeding code is known in advance 

In the following, a case that the input data is processed at every one code (a case of M = i ) and a caseThat the 

nl l est a a! 3 vfe ProCeSSed t at ^ ^ «■ ba described wrth as^ng^a ptS 

, ♦ ° Perat,0 " for 6xtractin 9 a fr ^"ency component is 25 clocks and that a period necessary for an%2 

SSSS!^ o^ec^eTd^S 9 eXtraCfon ^ iS 15 * 6 ~ th6 ^ dS * 

whielvthe mnMhTw^f ^ 3 10 of thi s embodiment includes a control bit insertion circuit 12 by 

Tubbed !TS 17 L brt , ,S ; nSert&d int ° ^ input data of 24 bite - Data which the control bit is inserted is then 
^Sl! 0 ^ modulation , n a precoder 14. whereby the reference code SO is generated. In addition an 

SKSSSt^- irto the precoder 14 - and 30 oper3tion 01 1,16 preooder 14 * ohan96d in ac - da - 

corr^n^lT^?^ 6 S0 . Ol ^ ed t rom decoder ! 4 is succeedingly applied to a delay circuit 1 6 and a frequency 
^ ' 11 J C ' rCU,t 2" ^^^ncy component extraction circuit 18 generates the SO code to the S3 code 

Xo^^ITn ^Z enCe ^T- OUlPUlS fr6quency 0Omponent extraction results of ^ codes in the SO cede 
to the S3 code on the basis of a judgment resutt of the preceding or last code. The judgment circuit 20 judges the extrac- 

SJSJrS?^ ST ° ther reSU,t 3nd 0UtPUtS 3 jUd9m6nt ^ 01 3 N9h leV6 ' ° r a in'responsTS a 

judgment result for a 4-code generation circuit 22 and the frequency component extraction circuit 18. In addition, a judg- 
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ment signal according to the preceding or last judgment is also outputted from the judgment circuit 20 to the 4-code 
generation circuit 22 simultaneously. 

The reference code SO inputted into the delay circuit 16 is delayed for a time period (40 clocks) till the judgment 
selection signal is outputted from the judgment circuit 20, and then applied to the 4-code generation circuit 22. The 4- 

5 code generation circuit 22 selects to output a desired code out of the reference code SO and the S1 code to the S3 code 
generated according to the code SO. In addition, an inverted code signal is also applied to the 4-code generation circuit 
22, whereby an operation of the 4-code generation circuit 22 is changed. An outputted code is recorded into a magnetic 
tape 60 (Figure 18) as described later. 

Constitution of the precoder 14 is shown in Figure 5. The control bit and a first bit of the input data into which the 

w control bit is inserted is inputted to one terminals of switches 24a and 24b each of which is controlled by the inverted 
code signal, and a second bit to a twenty-fourth bit of the input data are applied to one terminals of EXOR circuits 26c 
to 26y, respectively. Furthermore, output signals from latch circuits 28a and 28b outputs of which are controlled by a last 
two bits hold signal are applied to other terminals of the switches 24a and 24b, respectively. Then, the control bit and 
the first bit of the input data are outputted from the switches 24a and 24b when the inverted code signal is a low level, 

is and the outputs of the latch circuit 28a and 28b are outputted therefrom when the inverted code signal is a high level, 
and then, the outputs are applied to the one terminals of the EXOR circuits 26a and 26b, respectively. A first bit of the 
reference code SO is applied to the other terminal of the EXOR circuit 26c, and a second bit of the reference code SO 
is applied to the other terminal of the EXOR circuit 26d. In the same manner, each of the outputs of the EXOR circuits 
is applied to the other terminal of each of the EXOR circuits for a bit two bits later till the EXOR circuit 26x. However, 

20 output bits of the EXOR circuits 26x and 26y are latched by the latch circuits 28a and 28b, respectively, and outputs 
thereof are controlled in accordance with the last two bits hold signal. In addition, the inverted code signal becomes a 
low level when the input data is normal data, and the inverted code signal becomes a high level when the input data is 
particular data used for a synchronization signal area, an overwrite margin area, and etc. 

Constitution of the frequency component extraction circuit 18 is shown in Figure 6. The SO code outputted from the 

25 precoder 14 is applied to a DC component calculation circuit 30a which operates as a Fourier transform circuit, a fre- 
quency f 1 sine component calculation circuit 30b, a frequency f 1 cosine component calculation circuit 30c. a frequency 
f2 sine component calculation circuit 30d and a frequency f2 cosine component calculation circuit 30e. Then, the Si 
code to the S3 code are generated on the basis of the SO code, and thereafter, a sine component and a cosine compo- 
nent of each of the SO code and the S1 code or each of the S2 code and the S3 code are calculated in accordance with 

30 the judgment signal, and the calculation results are outputted. SO associate calculation results or S2 associate calcu- 
lation results out of the count results outputted from the calculation circuits 30a to 30e are applied to a square weighting 
addition circuit 32a, and S1 associate calculation results or S3 associate calculation results therein are applied to a 
square weighting addition circuit 32b. Then, an addition results is outputted from each of the square weighting addition 
circuits 32a and 32b, and then applied to the judgment circuit 20. In addition, S* associate calculation results means 

35 accumulated values of the frequency components until an S* code (a code inputted by this time). 

The judgment circuit 20 shown in Figure 4 outputs a low level signal in judging that the square weighting addition 
value of the SO associate calculation results or the square weighting addition value of the S2 associate calculation 
results is small, and outputs a high level signal in judging that the square weighting addition value of the S1 associate 
calculation results or the square weighting addition value of the S3 associate calculation results is small. 

40 With referring to Figure 7, the DC component calculation circuit 30a includes DC component extraction circuits 34a 
to 34d for the SO code to the S3 code. A DC component of the SO code applied from the precoder 14 is extracted by 
the DC component extraction circuit 34a, and the S1 code to the S3 code are generated on the basis of the SO code 
and then the DC components of the codes S1 to S3 are extracted by the DC component extraction circuits 34b to 34d, 
respectively. The extracted DC components are held for one code period by hold circuits 36a to 36e, respectively, and 

45 thereafter, outputs of the hold circuits 36a and 36c are applied to a switch 38a, and outputs of the hold circuits 36b and 
36d are applied to a switch 38b. The switches 38a and 38b are controlled by the judgment signal obtained by judging 
the square weighting addition value of the preceding or last code such that two kinds of DC components having a chain 
relationship out of the four kinds of DC components held can be selected. More specifically, the DC components of the 
SO code and the S1 code are selected when the judgment signal is the low level, and the DC components of the S2 

so code and the S3 code are selected when the judgment signal is the high level. 

The DC components outputted from the switches 38a and 38b are applied to addition circuits 40a and 40b, respec- 
tively, and added to accumulation result which is obtained till the last or preceding code is outputted from a switch 38c. 
Addition values by addition circuits 40a and 40b are then held by hold circuits 36e and 36f, and outputs of the hold cir- 
cuits 36e and 36f are applied to the square weighting addition circuits 32a and 32b as the calculation results, and to the 

55 switch 38c. In addition, the switch 38c is controlled by the judgment signal which judged the square weighting addition 
value of outputs of the hold circuits 36e and 36f, and selects the output of the hold circuit 36e when the judgment signal 
is the low level, and selects the output of the hold circuit 36f when the judgment signal is the high level. Therefore, the 
SO associate calculation result and the S1 associate calculation circuit are outputted from the hold circuit 36e and 36f, 
respectively at a time that the judgment signal is the low level, and the S2 associate calculation result and the S3 asso- 
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hi?hl2S Ulati ° n reSUlt ^ OUlpUtted fr0m hold circuits 36e and 36f - respectively when the judgment signal is the 
The switches 38a to 38c are thus changed-over. and therefore, the addition circuits 40a and 40b operate as a first 

• Jl? d irf 00nd additi ° n meanS " 3 * W addition means and a fourth addition me ans. a «* addition 
HS£f? r ^ r*^ meanS ° r 3 S6Venth addition means and a e * hlh addition me ans- Furthermore, the chain 
£X TJ f P °* L components outputted from the switches 38a and 38b and the calculation results outputted from 

£? ZZZ??* ShOWn R9Ure 1 2 - M ° re ■»» em «*. at « time that the DC components of code BO to 

B3 are extracted by the DC component extraction circuits 34a to 34d. for example, if the Judgment circuit 20 judges that 

. r??" 9 add,t, ° n ?' Ue ° f an A ° aSS0Ciate emulation result is the smallest in the square weighting addition 

£SS ^ T 00 ! 6 calcu,ation result and an A1 associate calculation result, the judgment signal of the low level 
*° Utpl * ad from the J ud 9 ment ci ^it 20. Therefore, the DC components of the BO code and the B1 code are applied 

n 22 f dd J 0n ° irCU ^ iJ* an ? 40,5 fr ° m the SWitChes 38a and 38b ' ^ t" 6 A0 associat « calculation result is applied 
to the addition circuits 40a and 40b from the switch 38c. *«w»eu 

Accordingly, the addition circuits 40a and 40b operate as the first addition means and the second addition means 
a t this time. Therefore, a B0 associate calculation result (an addition value of the DC component of the B0 code and the 
AO assoaate calculation result) and a B1 associate calculation result (an addition value of the DC component of the B1 
code and the AO associate calculation result) are outputted from the hold circuits 36e and 36f at a next time Further- 
IT!2fi a «?Tl DC com P° nent of 00 cod * to the C3 code of the succeeding input data c are extracted, if it 

Si SSSrS h 6 ^, Uar ! Wei9 ^ n9 additi0n Va ' Ue * B1 aSSOciate calculation result inputted to the judgment circuit 
^, 9 S,Qnal 'so^uttedfrom the judgment circuit 20. Therefore, the DC components of the C2 code 

IS£ <£? a 3 ' 6 fr °TJ he SWi,Ch6S 383 and ^ and B1 associate calculation result is outputted from the 

swrtch 38a Accordingly, the addition circuits 40a and 40b operate as the third addition means and the fourth addition 
means at this tone Therefore, a C2 associate calculation result and a C3 associate calculation result are outputted from 
the hold circuits 36e and 36f at a next time. ^ 

Because of such a chain relation, the addition circuits 40a and 40b operate as the first addition means and the sec- 
ond addrtron means or the third addition means and the fourth addition means after they operated as the first addition 
meansa " d the second addrtion means, and operate as the fifth addition means and the sixth addition means or the sev- 
enth addrtion means and the eighth addition means after they operated as the third addition means and the fourth addi- 
tion means. Furttiermore. the addition circuits 40a and 40b operate as the first addition means and the second addition 

T^T -i? ^'l a t ' 0n meaTO and the fourth addition means after the operation thereof as the fifth addition means 
and the sixth addition means, and operate as the fifth addition means and the sixth addition means or the seventh addi- 
■on means and the eight addition means after the operation thereof as the seventh addition means and the eighth addi- 
xion mucins. 

In addition though the frequency f 1 sine component calculation circuit 30b. the frequency f 1 cosine component cal- 
cu ation circuit 30c. the frequency f2 sine component calculation circuit 30d and the frequency f2 cosine component cal- 
culation circuit 30e are shown in Figure 8 to Figure 1 1 . constitution of each of the calculation circuits 30b to 30e are the 
same as the DC component calculation circuit 30a except that the DC component extraction circuits 34a to 34e shown 
in Figure 7 are replaced with frequency f1 sine component extraction circuits 41a to 41d. frequency f1 cosine compo- 
nent extraction circuits 42a to 42d. frequency f2 sine component extraction circuits 44a to 44d and frequency f2 cosine 

SUSST!*? aCti ° n CirCUitS 463 t0 46d ' accordin 3'y. delicate description is omitted by adding the same referring 
numerals for the same point, and therefore by applying the same or similar reference numerals to the same or similar 
circuits, a duplicate description will be omitted here. 

nr f . Co " stitution °t the square weighting addition circuit 32a is shown in Figure 1 3. The SO associate calculation results 
or the S2 associate calculation results outputted from the DC component calculation circuit 30a. the frequency fl sine 
component calculation circuit 30b. the frequency f 1 cosine component calculation circuit 30c. the frequency f2 sine 
component calculation circuit 30d and the frequency f2 cosine component calculation circuit 30e are squared by square 
circuits 48a to 48e, respectively. Then, though an output from the square circuit 48a is just weighted wrth predetermined 
value by a muhiphcation circuit SOa. outputs of the square circuits 48b and 48c are added to each other by an addition 
circuit 52a and then, weighted by a multiplication circuit 50b. and outputs of square circuits 4Sd and 48e are also added 
to each other by an addition circuit 52b. and then, weighted by a multiplication circuit 50c. Thereafter, outputs of the mul- 
tiplication crcurts 50a to 50c are added to each other by an addrtion circuit 52c and then outputted to the judgment cir- 
addrt,on> s,nca a ***** weighting addition circuit 30b is constituted in the same manner as the square 
weighting addrtion orcurt 32a. a duplicate description is omitted. However, the Si associate calculation results or the 
S3 associate calculation results outputted from the DC component calculation circuit 30a. the frequency f 1 sine com- 
ponent calculation circuit 30b. the frequency f1 cosine component calculation circuit 30c. the frequency f2 sine compo- 
nent calculation circuit 30d and the frequency f2 cosine component calculation circuit 30e are inputted to the square 
weighting addition circuit 32b. . 

Constitution of the 4-code generation circuit 22 of Figure 4 is shown in Figure 14. The SO code via the delay circuit 
16 is inputted to a swrtch 54 as it is. and applied to conversion circuits 56a to 56c to be converted to the Si code, the 
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S2 code and the S3 code therein. The converted S1 code to the converted S3 code are then applied to the switch 54. 
Switch 54 is controlled by a selection switching circuit 58 which outputs a control signal on the basis of the inverted code 
signal, the last judgment signal and the present judgment signal, and selects and outputs one of the SO code to the S3 
code in accordance with a table 1 . 



Table 1 



inverted 


judgment signal 


output 


cord signal 










present time 


last time 




L 


L 


L 


SO 




H 


L 


S1 




L 


H 


S2 




H 


H 


S3 


H 


L 




SO 




H 




S3 



More specifically, in a case where the inverted code signal is a low level, the SO code is outputted when both of the 
last judgment signal and the present judgment signal are the low levels, and the S1 code is outputted when the last 

25 judgment signal and the present judgment signal are the low level and the high level, respectively, and the S2 code is 
outputted when the present judgment signal and the present judgment signal are the high level and the low level, 
respectively, and the S3 code is outputted when both of the last judgment signal and the present judgment signal are 
the high level. Furthermore, in a case where the inverted code signal is a high level, the SO code is outputted when the 
present inverted signal is the low level, and the S3 code is outputted when the present inverted signal is the high level. 

30 An operation timing at a time that data is inputted is shown in Figure 1 5. When outputting of the reference code AO 
of the input data "a" from the precoder 14 to the frequency component extraction circuit 18 is finished, outputting of the 
reference code BO of the input data "b" is started at a next time. Since the judgment signal is the low level in the begin- 
ning, the switches 38a and 38b are connected to the hold circuits 36a and 36b and the components of the AO code and 
the A1 code are outputted from the switches 38a and 38b. The judgment result for the A associate codes is determined 

35 in 1 5 clocks later, and the switches 38a to 38c are switched in response to the result. If the high level signal is outputted 
because a value of the A1 associate calculation results is smaller as a result of the judgement of the square weighting 
addition values of the A associate calculation results, the components of the B2 code and the B3 code are added to 
each other out of the A1 associate calculation results and four kinds of component extraction results, and the square 
weighting addition values of the B2 associate calculation results and the B3 associate calculation results are applied to 

40 the judgment circuit 20. Furthermore, the reference code AO inputted to the 4-code generation circuit 22 with being 
delayed by the delay circuit 16 for 40 clocks is converted into the A1 code by the last judgment signal of the low level 
and the present judgment signal of the high level, and then outputted. 

If the judgment circuit 20 judges that the square weighting addition value of the B2 associate calculation results is 
small at 1 5th clock from a timing that the precoder 1 4 begins to output the reference code CO of the input data n c", and 

45 then outputs the low level signal, the B2 associate calculation results and the components of the CO code and the C1 
code are added to each other, and the square weighting addition values of the CO associate calculation results and the 
C1 associate calculation results are applied to the judgment circuit 20. Furthermore, the reference code BO inputted to 
the 4-code generation circuit 22 is converted into the B2 code by the last judgment signal of the high level and the 
present judgment signal of the low level. 

so If the judgment circuit 20 outputs the low level signal because the judgment circuit 20 judges that the square weight- 
ing addition value of the CO associate calculation results is smaller at 15th clock from a timing that the precoder 14 
begins to output the reference code DO of the input data "d", the CO associate calculation results and the components 
of the DO code and the D1 code are added to each other, and the square weighting addition values of the DO associate 
calculation results and the D1 associate calculation results are applied to the judgment circuit 20. Furthermore, since 

55 both of the last judgment signal and the present judgment signal are the low levels, the 4-code generation circuit 22 out- 
puts the reference code CO as it is. 

A processing operation of the particular data that two kinds of particular codes are determined irrespective of the 
last code and used for the synchronization signal area, the overwrite margin area and etc. will be described. All bits 
have the inverted relationship about the two kinds of the particular codes RUN- A and RUN-B formats of which are deter- 
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mined by a specification for the particular data, as shown in Figure 1 6. More specifically, if the particular code RUN-A 
is assumed as the reference code SO. the particular code RUN-B is the S3 code. When the particular data is applied to 
the Precoder 14^ the inverted code signal of the high level is applied to the switches 24a and 24b simultaneously 
whereby the outputs of the latch circuits 26a and 26b are applied to the input terminals of the EXOR circuit 28a and 28b 
y " ™ e / efore ' a code outputted from the precoder 14 becomes the reference code SO (the particular code 
RUN-A) even if the outputs from the latch circuits 26a and 26b are any of "00". T>1 ". "1 0" and "1 1 ". as shown in Figure 
i /(A) to Figure 1 7(D). 

« JH^^^Z "TlTo? ^ raction circuit 18 - rt is Posses to process the particular data in the same manner 
as that of the SO code to the S3 code of the normal data by generating and processing the SO code by the respective 
component extract.on circuits 34a. 40a. 42a. 44a and 46a for the SO code and by generating the S3 code by the respec- 
tive component extraction circuits 34b. 40b. 42b. 44b and 46b for the Si code and generating the SO code by the 
respective component extraction circuits 34c. 40c. 42c. 44c and 46c for the S2 code, and by generating the S3 code by 
he respective component extraction circuits 34d. 40d, 42d. 44d and 46d for the S3 code. Furthermore, the switch 54 of 

ZZl 1 9 ? n J?, ra ?°Z °o CLJit 22 iS 8witehed in resoonse to only the present judgment signal. More specifically, as 
shown m the table 1 . the SO code is outputted from the switch 54 when the present judgment signal is the low level, and 
the S3 code is outputted from the switch 54 when the judgment signal is the high level 

By outputting one of the SO code to the S3 code from the 4-code generation circuit 22 in accordance with the judg- 
ment signal outputted from the judgment circuit 20 and recording on the magnetic tape 60. codes which generates a 
frequency specfrum as shown in Figure 19(A) are resultingly recorded into a track 60a of the magnetic tape 60 shown 
' n Jl ™ S \ H S Wh,Ch 9enera,es frequency spectrum shown in Figure 19(B) are resultingly recorded into tracks 60b 
and 60d, and codes which generates a frequency spectrum shown in Figure 19(C) are resultingly recoided into a track 

According to this embodiment as is different from Ihe prior art that the last two bits of the output code on the basis 
of thelast input data is fed-back, the last two bits of the last or preceding code obtained by the l-NRZ modulation by the 
precoder 14 are fed-back, and therefore, there is no time restriction in performing the extraction operation of the fre- 
quency component and the judgment operation. Accordingly, it is possible to easily encode the input data 

in the embodiment shown in Figure 4. in a case where the judgment circuit 20 judges that the square weighting 
addition value of the B1 associate calculation results is the smallest in the square weighting addition values of the B0 
associate calculate results and the B1 associate calculation results shown in Figure 12. for example, the square 
we.ght.ng addition values of the C2 associate calculation results and the C3 associate calculation results are inputted 
into the judgment c.rcuit 20 at a next time. However, in a case where the square weighting additions values of the B0 
associate calculation results and the B1 associate calculation results are approximately the same value, and the square 
weighting addrtion values of the C1 associate calculation results is the smallest in the square weighting addition values 
of the CO associate calculation results to the C3 associate calculation results, there is a possibility that a code outputted 
from the 4-code generaton circuit 22 is not always an optimum code. A coding apparatus 10 of another embodiment 
shown in Figure 20 is to improve such a problem. 

With referring to Figure 20, since the coding apparatus 10 mis embodiment shown is the same as the coding appa- 
ratus 1 0 of the embodiment shown in Figure 4 except that a frequency component extraction circuit 61 is constituted as 
shown in Figure 21 . and a delay circuit 62 is a 65 clocks delay circuit, and a judgment circuit 63 judges on the basis of 
tour (4) inputs, a duplicate description will be omitted by applying the same reference numerals to the same or similar 
poinxs. 

The frequency component extraction circuit 61 is constituted as shown in Figure 21 . That is. the SO code outputted 
from he precoder 1 4 is applied to a DC component calculation circuit 64a. a frequency f 1 sine component calculation 
circuit 64b a frequency fl cosine component calculation circuit 64c. a frequency f2 sine component calculation circuit 
64d and a frequency f2 cosine component calculation circuit 64e. Then, predetermined calculation operations are per- 
formed according to the judgment signal from the judgment circuit 20. and the SO associate calculation results to the 
S3 associate calculation results are outputted therefrom. In these results, the SO associate calculation results are 
applied to a square weighting addition circuit 66a, and the Si associate calculation results are applied to a square 
weighting addition circuit 66b. and the S2 associate calculation results are applied to a square weighting addition circuit 
66c. and the S3 associate calculation results are applied to a square weighting addition circuit 66d. Thereafter, opera- 
tion results by the square weighting addition circuits 66a to 66d are applied to the judgment circuit 20. In addition since 
the square weighting addition circuits 66a to 66d have the same constitution as that of the square weighting addition 
circuit 32a shown in Figure 13, a duplicate description will be omitted. 

■ With referring ito Figure 22, the SO code outputted from the precoder 14 is applied to DC component extraction cir- 
curts 68a to .63d. Then, though the DC component of the SO code is extracted by the DC component extraction circuit 
ST* lu component extraction circuit 68b. the S1 code is generated on the basis of the SO code as inputted and 
then the DC component of the S1 code is extracted. As is the same as the DC component extraction circuit 68b in the 
DC component extraction circuits 68c and 68d. the S2 code and the S3 code are generated on the basis of the SO code 
and then the DC components of the S2 code and the S3 code are extracted. The DC components extracted by the DC 
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component extraction circuits 68a to 68d are applied to hold circuits 70a to 70d, and the DC components equal to one 
code are held therein. Then, the DC components outputted from the hold circuits 70a to 70d are added to calculation 
results outputted from switches 74a and 74b in addition circuits 72a to 72d. 

More specifically, the DC component of the SO code and the calculation result from the switch 74a are added to 

5 each other in the addition circuit 72a. and the DC component of the S1 code and the calculation result from the switch 
74a are added to each other in the addition circuit 72b, and the DC component of the S2 code and the calculation result 
from the switch 74b are added to each other in the addition circuit 72c, and the DC component of the S3 code and the 
calculation result from the switch 74b are added to each other in the addition circuit 72d. The addition values outputted 
from the addition circuits 72a to 72d are held by hold circuits 76a to 76d, respectively, and then outputted to square 

10 weighting addition circuits 66a to 66d as the calculation result at a next time, respectively. Furthermore, outputs of the 
hold circuits 76a and 76c are applied to the switch 74a, and outputs of the hold circuits 76b and 76d are applied to the 
switch 74b. The switches 74a and 74b are switched in accordance with the judgment signal from the judgment circuit 
22, and the outputs of the hold circuits 76a and 76b are outputted from the switches 74a and 74b when the judgment 
signal is the low level, and the outputs of the hold circuits 76c and 76d are outputted when the judgment signal is the 

is high level. 

By changing-one the switching of the switches 74a and 74b in such a manner, the addition circuits 72a to 72d oper- 
ate as the first addition means to the fourth addition means or the fifth addition means to the eighth addition means. 
Furthermore, the chain relationship of the calculation results outputted from the hold circuits 76a to 76d is shown in Fig- 
ure 12. That is, if the judgment signal is the high level, because the BO associate calculation results to the B3 associate 

20 calculation results are outputted from the hold circuits 76a to 76d and the square weighting addition value thereof are 
judged by the judgment circuit 20, for example, the switches 74a and 74b are switched for the hold circuits 76c and 76d, 
respectively. Therefore, the B2 associate calculation results and the B3 associate calculation results outputted from the 
switches 74a and 74b are properly added to the DC components of the CO code to the C3 code outputted from the hold 
circuits 70a to 70d. Accordingly the addition circuits 72a to 72d operate as the fifth addition means to the eighth addition 

25 means at this time. Then, the CO associate calculation results to the C3 associate calculation results are outputted from 
the hold circuits 76a to 76d at the next time, respectively. Thereafter, if the judgment signal is the low level because the 
CO associate calculation results to the C3 associate calculation results are judged in the same manner, the CO associ- 
ate calculation results and the C1 associate calculation results outputted from the switches 74a to 74b are properly 
added to the DC components of the DO code to the D3 code. Accordingly, the addition circuits 72a to 72b operate as 

30 the first addition means to the fourth addition means at this time. In addition, the judgment circuit 20 outputs the low 
level signal when the square weighting addition value of the SO associate calculation results or the S1 associate calcu- 
lation results is judged to be the smallest, and outputs the high level signal when the square weighting addition value of 
the S2 associate calculation results or the S3 associate calculation results is judged to be the smallest. 

Because of such the chain relationship, the addition circuits 72a to 72d operate as the first addition means to the 

35 fourth addition means or the fifth addition means to the eighth addition means after the same operate as the first addi- 
tion means to the fourth addition means, and operate as the first addition means to the fourth addition means or the fifth 
addition means to the eight addition means after the operation as the fifth addition means to the eight addition means. 

With referring to Figure 23 to Figure 26, since the frequency f 1 sine component calculation circuit 64b, the fre- 
quency f 1 cosine component calculation circuit 64c, the frequency f2 sine component calculation circuit 64d and the fre- 

40 quency f2 cosine component calculation circuit 64e are the same as the DC component calculation circuit 64a except 
that frequency f 1 sine component extraction circuits 78a to 78d, frequency f 1 cosine component extraction circuits 80a 
to 80d, frequency f2 sine component extraction circuits 82a to 82d and frequency f2 cosine component extraction cir- 
cuits 84a to 84d are provided instead of the DC component extraction circuits 68a to 68d shown in Figure 22, a dupli- 
cated description will be omitted by applying the same reference numerals to the same or similar components. 

45 An operation timing is shown in Figure 27. When the outputting of the reference code AO of the input data "a" from 
the precoder 14 to the frequency component extraction circuit 61 is finished, at a next time, the outputting of the refer- 
ence code B0 of the input data "b" from the precoder 14 is started. Respective components of the AO code to the A3 
code are outputted from the hold circuits 70a to 70d at the same timing as the start of the output, and then, the judgment 
result of the square weighting addition value of the A associate calculation results is evaluated at 15th clock. The judg- 

so ment result has no sense in a case of the chain of two codes, and the judgment signal maintains the low level thereof. 
Therefore, the AO associate calculation results and the A1 associate calculation results are selected by the switches 
74a and 74b, and then, the AO associate calculation results and the components of the BO code and the B1 code. are 
added to each other by the addition circuits 72a and 72b, and the A1 associate calculation results and the components 
of the B2 code and the B3 code are added to each other by the addition circuits 72c and 72d. 

55 The judgment result of the square weighting addition value of the B associate calculation results is evaluated at 
15th clock from the timing that the components of the B0 code to the B3 code are outputted from the hold circuits 70a 
to 70d, i.e. 1 5th clock from the timing that the precoder 1 4 begins to output the reference code CO. If the judgment signal 
of the high level is outputted at this time because the square weighting addition value of the B2 associate calculation 
results or the B3 associate calculation results is the smallest, the B2 associate calculation results and the B3 associate 
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^S^JT^^Jtf^ 1 by the witches 743 3011 74b - respectively, and then properly added to the components 
of the CO code to the C3 code outputted from the hold circuits 70a to 70d. Furthermore, the A1 code is selected by the 
4-code generation circuit 22 in accordance with the present judgment signal of the high level and the last judgment sig- 
nal of the low level, and then outputted. as understood from the table 1. 

nc ^ 6 l !^ me ^ result of the square ^hting addition value of the C associate calculation results is evaluated at 
♦J I ° m .eZ ^9 Jhat the components of the CO code to the C3 code are outputted from the hold circuits 70a 
to 70d. that is. 15th dock from the timing that the precoder 14 begins to output the reference code DO. When the judg- 
ment signal of the low level is outputted because the judgment circuit 20 judges that the square weighting addition value 
of the CO associate calculation results or the C1 associate calculation results is the smallest, the CO associate calcula- 
°^i e ? U !! and C1 associate calculation results are selected by the selection circuits 74a and 74b. and then sub- 
ie ^t r! " a d,tion °P eration - ^at is. the CO associate calculation results and the components of the DO code 
and the Dl code are added to each other, and the CI associate calculation results and the component of the D2 code 
and the D3 code are added to each other. Furthermore, the B2 code is outputted in accordance with the present judg- 
ment signal of the low level and the last judgment signal of the high level. 

According to the Figure 20 embodiment, since the value obtained through the calculation of the codes for the next 
input date and the square weighting addition is judged, and the most suitable code of the data inputted before is to be 
outputted. it is possible to improve the problem occurs in4he coding apparatus 10 shown in Figure 4. More specifically 
in a case where the square weighting addition values of the BO associate calculation results and the B1 associate cal- 
culation results shown in Figure 12 are almost the same value, and where the square weighting addition values of the 

,f ? fl 6 ^ cu,atlon results is smallest in the square weighting addition values of the CO associate calculation 
fe Z, I . ass °ciate calculation results, since the operations for extracting the frequency components are exe- 
cuted wrth be.ng made in chain with the B0 associate calculation results, the most suitable code is outputted from the 
4-code generation circuit 22. ^ ms 

In addition, in order to further improve the problem included in the coding apparatus 10 shown in Figure 4 the 
number of the codes in chain may be increased. In such a case, it is necessary to provide 2 M of addition circuits and 
now circuits at the next stage included in the frequency component calculation circuits and to provide 2 M - 1 of switches 
according to the number M of the codes in chain, and to operate the first addition circuit to the 2^ addition circuit such 
that the calculation results of the frequency components can be outputted in a chain relationship shown in Figure 12 
m J?T e T* e ' ! H f ! b ° Ve described embodiment, a code obtained by inserting "0" into the control bit and then by 
modulating the inserted data is regarded as the reference code, and three codes generated on the basis the reference 
code are regarded as the associate codes. However, it is clearly understood that the same operation becomes possible 

coTe 2 SrSldto 0 25 5? * ^ * " T ~* *T mW * nUmber ° f the bib ° f f . 

Furthermore, though these embodiments are described with using the precoder 1 4 of a parallel system the present 
invention is not restricted to this case, and it is clearly understood that the present invention can be applied to a case 
that a precoder of a serial system is used. w 

Although the present invention has been described and illustrated in detail, it is clearly understood that the same is 
by way of illustration and example only and is not to be taken by way of restriction, the spirit and scope of the present 
invention being limited only by the terms of the appended claims. 

Claims 

1 . A coding method, comprising steps of: 

(a) inserting a control bit into input data; 

(b) generating a reference code on the basis of the input data into which said control bit is inserted- 

c) generating a predetermined number of associate codes in association with said reference code-' and 
(d) selectively outputting one of said reference code and said associate codes on the basis of frequency com- 
ponents of said reference code and said associate codes. 

2. A coding method according to claim 1 . wherein said step (d) includes steps of (d-1) extracting said frequency com- 
ponents of said reference code and said associate codes, (d-2) outputting a judgment signal on the basis of said 
frequency components, and (d-3) selecting one of said reference code and said associate codes in accoidance 
with said judgment signal. 

3. A coding apparatus, comprising: 

insertion means ( 1 2) for inserting a control bit into input data ; 
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reference code generation means (14) for generating a reference code through l-NRZ modulation of data out- 
putted from said insertion means; 

associate code generation means (22, 56a, 56b, 56c) for generating a predetermined number of associate 
codes in association with said reference code on the basis of said reference code; 
5 judgment signal outputting means (18, 20) for outputting a judgment signal on the basis of said frequency com- 

ponents of said reference code and said associate codes; and 

code outputting means (22, 54) for selectively outputting one of said reference code and said associate codes 
in accordance with said judgment signal. 

io 4. A coding apparatus according to claim 2, wherein said judgment means includes frequency component extracting 
means (18) for extracting a plurality of frequency components of said reference code and said plurality of codes 
associated with said reference code, and judgment means (20) for outputting said judgment signal by comparing 
said plurality of frequency components. 

75 5. A coding apparatus according to claim 4, wherein said frequency component extraction means includes 

first to Nth extraction means for extracting first to Nth (N is an integer) frequency components of each of said 
reference code and said associate codes, 

first to Nth calculation means for calculating each of said first to Nth frequency components and outputting first 
20 to 2 M th (M is a position integer) calculation results, and 

first to 2 M th operation means for operating each of said first to 2 M th calculation results outputted from said first 
to Nth calculation means. 

6. A coding apparatus according to claim 5, wherein each of said first to Nth extraction means includes frequency 
25 component extraction means for generating a first code, a second code and a third code on the basis of said refer- 
ence code and extracting predetermined frequency components of said reference code, said first code, said sec- 
ond code and said third code. 

7. A coding apparatus according to claim 6, each of said first to Nth calculation means includes 

30 

first addition means for adding said frequency components of said reference code at a present time and said 
calculation results of said frequency components of said reference code at a last time, thereby to regard addi- 
tion results as said calculation results of said first frequency component of said reference code at said present 
time, 

second addition means for adding said frequency components of said first code at said present time and said 
calculation results of said frequency components of said reference code at said last time, thereby to regard 
addition results as said calculation results of said first frequency component at said first code at said present 
time, 

third addition means for adding said frequency components of said second code at said present time and said 
calculation results of said frequency components of said first code at said last time, thereby to regard addition 
results as said calculation results of said first frequency component of said second codes at said present time, 
fourth addition means for adding said frequency components of said third code at said present time and said 
calculation results of said frequency components of said first code at said last time, thereby to regard addition 
results as said calculation results of said first frequency component of said third code at said present time, 
fifth addition means for adding said frequency components of said reference code at said present time and said 
calculation results of said frequency components of said second code at said last time, thereby to regard addi- 
tion results as said calculation results of said second frequency component of said reference code at said 
present time, 

sixth addition means for adding said frequency components of said first code at said present time and said cal- 
culation results of said frequency components of said second code at said present time, thereby to regard add- 
tion results as said calculation results of said second frequency component of said first code at said present 
time, 

seventh addition means for adding said frequency components of said second code at said present time and 
said calculation results of said frequency components of said third code at said last time, thereby to regard 
addition results as said calculation results of said second frequency component of said second code at said 
present time, and 

eighth addition means for adding said frequency components of said third code at said present time and said 
calculation results of said frequency components of said third code at said last time, thereby to regard addition 
results as said calculation results of said second frequency component of said third code at said present time. 
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8 ' iSfS? aP ^f rah !! accordin 9 to c,aim 7 > wherein each of said firs to Nth calculation means includes first and sec- 
afsaid fX S£^^"2r^ Ca ' CU,ati0n ^ firSt Settin9 means 

said^S *L * !f - rt . h addrt '° n means - and second settin 9 means fo r operating said second adder as 

said second, fourth, sixth and eighth addition means, in a case where M = 1 . 

9 ' l': 0din E apparatuS accordin 9 to claim 7. wherein each of said first to Nth calculation means includes first to fourth 

«SS?^^ n9 ' ^ t0 foUrth Ca ' Culati0n resulte - f irst setiin 9 mean * fcfS^J^a&^S 
first and fifth addition means, second setting means for operating said second adder as said seconc I and S aSf 
tan means, third setting means for operating said third adder as said third and seven? StaSj? anTfoul" 
setting means for operating said fourth adder as said fourth and eighth addition nean^zZe^eV^ 

10. A coding apparatus according to claim 7. wherein each of said first to Nth calculation means includes first to 

i^^TS^r to 2 ^ h ca,cuiation resurts - f irct settns means for ° 2 2 ^ 

2 )th adder as first addition means, second setting means for operating (2 + 8n)th adder as second 

IT' « l 56 ^ 9 meanS fof ° Perat,n9 (3 + 8n)th addef as addition ^^t^^nla^^S 
mg (4 + 8n)th adder as fourth addition means, fifth setting means for operatina 5 + 8n^ l2^^m^ ^T 

rm ( L;r^? e r :^ 

11. A coding apparatus according to any of claims 3 to 10. wherein said reference code generation means includes 
replacing means (24a. 24b) for inserting predetermined one bit of said reference code at S tost to? foTtSrf 

o?el^ 
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FI G.I 



(A) 

INPUT DATA a 
MODULATION SIGNAL 
CORD AO 



MSB ( INSERTION BIT ) 
I 

: 01 01 10001 101 0 1 1001 1 1 1001 1 
OO P 1001010010001111 001111 
:010010 10010001 1 1 1001 1 1 100 



( B) 

INPUT DATA a 
MODULATION SIGNAL 
CORD AT 



MSB ( INSERTION BIT ) 
\ 

: J_ 1 0 1 1 0 0 0 1 1 0 1 0 1 1 0 0 1 1 1 1 0 0 1 1 
00 1 1 1000001 1 101 101001 1010 

: 11 1 0 0000 1 11 01 10 1001 1 01 00 1 
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F I G.2 



(A) 
INPUT DATA b 
MODULATION SIGNAL 
CORD B 0 

(B) 
INPUT DATA b 
MODULATION SIGNAL 
CORD B 1 

(C ) 

INPUT DATA b 
MODULATION SIGNAL 
CORD B 2 

( D ) 
INPUT DATA b 
MODULATION SIGNAL 
CORD B 3 



01011000110101100111100 11 
0_0 0 1 0010100100Q1 i i lo p 1 1 11 

:01 001 0.1 001 000 1 1 1 1001 1 1 TOO 

±101 10001 10101 1001 11 100 11 
.0—0 I I 10 0000111 011 01 00 1 1 0 1 0 
: 1 1 10000011 101101001101001 

0.1 0 1 1 000 1 1 0 10 1 1 00111100 1 1 
0.10 0 0 11 111 000 1 00 1 01 100 1 01 
: 000 1 1 11 1 000 100 1 0 1 1 00 1 0 1 1 0 

11 0 1 1 0 0 0 11 0 1 0 1 1 0 0 1 1 110 0 1 1 
0110 1 101 0 1 1 01 1 1 0 00Q 110000 
••1 011010 110111000011 0000 1 1 
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32a (32 b) 



A 8a 
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cr 
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SO 
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SO-* S 1 
CONVERSION 



SO 

56a 
s 1 



CIRCUIT 



S S 2 
CONVERSION 
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56 b 
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CONVERSION 
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RUN-A: 0001 1 10001 1100 0 0011 10001 1 
RUN- B : 1 1 10 00 1 1 1 00011 1 1 1 000 1 1 100 
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( A ) INSERTED 2 BITS 

I 

INPUT DATA | 0 0 | 011 01101101100011011011 

MODULATION SIGNAL 0_0 0001110001110000 0 111000 

REFERENCE CORD SO :00 01110001110000011100011 
(RUN- A ) 

( B ) INSERTED 2 BITS 

INPUT DATA | 0 1 | 0 1 1 0 1 1 0 1101100011011011 

MODULATION SIGNAL 0J_ 0001110001110 00001 11000 

REFERENCE CORD S0 v 10 0 0 111 0 0 0 11 1 0 0 0 0 0 111 0 0 0 11 
(RUN - A) 

( C ) INSERTED 2 BITS 

INPUT DATA | 1 0 | 01101101101100011011011 

MODULATION SIGNAL J_0 0001 1 10001 11000001 1 10 00 

REFERENCE CORD SO : 0 0 0 1 1 1 0 0 0 1 1 1 0000 0 1 1 1 0 0 0 1 1 
(RUN- A) 

C D ) INSERTED 2 BITS 

I 

INPUT DATA | 1 1 | O11011011011OO011O11011 

MODULATION SIGNAL 11 00 0 1 1 1 OOP 1 1 100000 1 11000 

REFERENCE CORD SO :00 01110001110000011100011 
(RUN - A) 
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( C ) 
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fl f2 



FREQUENCY 
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